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SUBSTRATE REMOVAL AS A FUNCTION OF 
SIMS ANALYSIS 

FIELD OF THE INVENTION 

The present invention relates generally to semiconductor 
chips and their fabrication and, more particularly, to post 
manufacturing testing of semiconductor chips involving 
substrate removal. 

BACKGROUND OF THE INVENTION 

The semiconductor industry has recently experienced 
technological advances that have permitted dramatic 
increases in circuit density and complexity, and equally 
dramatic decreases in poWer consumption and package 
siZes. Present semiconductor technology noW permits 
single-chip microprocessors With many millions of 
transistors, operating at speeds of hundreds of millions of 
instructions per second to be packaged in relatively small, 
air-cooled semiconductor device packages. A by-product of 
such high density and high functionality in semiconductor 
devices has been the demand for increased numbers of 
external electrical connections to be present on the exterior 
of the die and on the exterior of the semiconductor packages 
Which receive the die, for connecting the packaged device to 
external systems, such as a printed circuit board. 

To increase the number of pad sites available for a die, to 
reduce the electrical path to the pad sites, and to address 
other problems, various chip-packaging techniques have 
been developed. One of these techniques is referred to as 
controlled collapse chip connection or ?ip-chip packaging. 
With packaging technology, bonding pads of the die include 
metal (solder) bumps. Electrical connection to the package 
is made When the die is ?ipped over and soldered to the 
package. Each bump connects to a corresponding package 
inner lead. The resulting packages are loW pro?le and have 
loW electrical resistance and a short electrical path. The 
output terminals of the package, Which are sometimes ball 
shaped conductive bump contacts, are typically disposed in 
a rectangular array. These packages are occasionally referred 
to as Ball Grid Array (BGA) packages. Alternatively, the 
output terminals of the package may be pins and such 
packages are commonly knoWn as pin grid array (PGA) 
packages. 

Once the die is attached to such a package the backside 
portion of the die remains exposed. The transistors and other 
circuitry are generally formed in a very thin epitaxially 
groWn silicon layer on a single crystal silicon Wafer from 
Which the die is singulated. The side of the die including the 
epitaxial layer containing the transistors and other circuitry 
is often referred to as the circuit side or front side of the die. 
The circuit side of the die is positioned very near the 
package and opposes the backside of the die. BetWeen the 
backside and the circuit side of the die is single crystalline 
silicon. 

The positioning of the circuit side near the package 
provides many of the advantages of the ?ip chip. HoWever, 
in some instances orienting the die With the circuit side face 
doWn on a substrate is disadvantageous. Due to this orien 
tation of the die, the transistors and circuitry near the circuit 
side are not directly accessible for testing, modi?cation or 
other purposes. Therefore, access to the transistors and 
circuitry near the circuit side is from the backside of the 
chip. 

Techniques have been developed to access the circuit 
even though the integrated circuit (IC) is buried under the 
bulk silicon. For example, near-infrared (nIR) microscopy is 
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2 
capable of imaging the circuit because silicon is relatively 
transparent in these Wavelengths of the radiation. To acquire 
these images, because of the absorption losses of IR radia 
tion in silicon, it is generally required to thin the die to less 
than 100 microns. For example, on a die that is 725 microns 
thick, at least 625 microns of silicon is typically removed 
before IR microscopy can be used. Thinning the die for 
failure analysis of a ?ip chip bonded IC is usually accom 
plished by ?rst thinning the die across the Whole die surface, 
often referred to as global thinning. Mechanical polishing, 
such as chemical-mechanical polishing (CMP), is one 
method for global thinning. Once an area is identi?ed using 
IR microscopy as an area of interest and it is determined that 
access is needed to a particular area of the circuit, local 
thinning techniques are often used to thin an area smaller 
than the die siZe. 

During failure analysis, or for design debug, it is some 
times desirable to make electrical contact and probe certain 
circuit nodes on the circuit side or front side of a die, or to 
recon?gure the conductors in an integrated circuit. This 
access is generally done by milling through substrate to 
access the node, or milling to the node and subsequently 
depositing a metal to electrically access the node. Often, 
global and local thinning as described above are used to 
accomplish such milling. Accurate determination of the 
thickness of the silicon in the backside, hoWever, is not 
readily achieved, making the milling process dif?cult to 
control. When not controlled properly, substrate removal can 
result in damage to or destruction of circuitry and other 
substrate in the device. 

Therefore, it is desirable to have the ability to determine 
the endpoint of the removal process With suf?cient accuracy 
to avoid milling off the node to Which access is being sought, 
Which could often jeopardiZe further device analysis. It 
Would also be desirable to knoW hoW far and at What speed 
the removal process has proceeded in order to more ef? 
ciently and more accurately control the removal process. It 
Would also be useful to develop a method of reaching the 
endpoint of the die Without having to implement the addi 
tional steps of global and local thinning of the substrate. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and system 
for post-manufacturing analysis of a semiconductor chip 
device involving the controlled removal of substrate using 
ion beam energy to mill the substrate and secondary ion 
detection to automatically stop the milling process When the 
endpoint is reached or reduce the milling rate When the 
endpoint is near. The present invention is exempli?ed in a 
number of implementations and applications, some of Which 
are summariZed beloW. 

According to an example embodiment, the present inven 
tion is directed to a method for removing substrate from the 
backside of a semiconductor chip for post-manufacturing 
analysis as a function of detected concentration levels of a 
selected substrate material that is sputtered off of a region of 
the substrate. 

According to another example embodiment of the present 
invention, there is described a method for removing sub 
strate from a semiconductor chip for post-manufacturing 
analysis, the chip having a back side opposite circuitry near 
a circuit side. A portion of substrate in the back side of the 
semiconductor chip is ?rst removed as a function of the 
concentration level of a selected substrate material sputter 
ing off of a region of the substrate. An aperture is formed in 
the substrate as a portion of the substrate is removed. 
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Removal of a selected substrate material from the backside 
of the chip is detected as the aperture is being formed. 
Finally, the substrate removal process is controlled as a 
function of detected concentration levels of the selected 
substrate material. 

In another example embodiment there is described a 
system for removing substrate from a semiconductor chip 
having a backside opposite circuitry near a circuit side. The 
system includes a mechanism for removing substrate from 
the back side of the semiconductor chip to form an aperture 
as Well as a mechanism for detecting removal of a selected 
substrate material from the back side of the chip as the 
aperture is being formed. The system also includes a mecha 
nism for controlling the substrate removing mechanism as a 
function of detected concentration levels of the selected 
substrate material. 

The above summary of the present invention is not 
intended to describe each illustrated embodiment or every 
implementation of the present invention. The ?gures and 
detailed description Which folloW more particularly exem 
plify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be more completely understood in 
consideration of the folloWing detailed description of vari 
ous embodiments of the invention in connection With the 
accompanying draWings, in Which: 

FIG. 1 is a ?ip-chip type semiconductor device for use in 
connection With the present invention; 

FIGS. 2A and 2B shoW a semiconductor device under 
going analysis and an enlarged section of the analyZed 
device, respectively, according to an example embodiment 
of the present invention; 

FIG. 3 is example graph shoWing SIMS depth pro?le 
exhibiting ion concentrations versus silicon thickness, 
according to an example embodiment of the present inven 
tion; and 

FIG. 4 is a How chart for a method for post-manufacturing 
analysis of a semiconductor chip, according to another 
example embodiment of the present invention. 

While the invention is amenable to various modi?cations 
and alternative forms, speci?cs thereof have been shoWn by 
Way of example in the draWings and Will be described in 
detail. It should be understood, hoWever, that the intention is 
not necessarily to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION 

The present invention is believed to be applicable for a 
variety of different types of semiconductor devices, and the 
invention has been found to be particularly suited for 
?ip-chip and other type devices requiring or bene?ting from 
post-manufacturing analysis involving substrate removal. In 
the present invention ion beam etching technology is used to 
etch the backside of a semiconductor chip While using the 
detection capabilities of the SIMS technique to control 
removal of substrate material When post manufacturing 
analysis is being conducted on the chip. While the present 
invention is not necessarily limited to such devices, various 
aspects of the invention may be appreciated through a 
discussion of various examples using this context. 

The method of the present invention for removing sub 
strate for post-manufacturing analysis of a semiconductor 
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4 
chip is applicable to a variety semiconductor devices. For 
example, FIG. 1 shoWs a side vieW of an assembly 10 of one 
type of conventional ?ip chip type die 12 assembled to a 
package substrate 14. Flip chip die 12 has a circuit side 50 
and a backside 40. The circuit side 50 includes a number of 
circuit devices formed near the circuit side in a portion of the 
die knoWn as the epitaxial layer 22. The epitaxial layer 22 
has a thickness in the range of 1 to 15 microns. The portion 
of the die shoWn above the epitaxial layer is knoWn as the 
bulk layer 20. A plurality of solder bumps 26 are made on 
the circuit side 50 at pads 24. The solder bumps 26 are the 
inputs and outputs to the circuitry associated With the die 12. 
The ?ip chip type die 12 is attached to package substrate 

14, such as a package for a ?ip chip via the solder bumps on 
the die 12. The package substrate 14 includes pads 16 that 
are arranged to correspond to the pattern of solder bumps on 
the die 12. The region betWeen integrated circuit 12 and 
package substrate 14 is ?lled With an under-?ll material 28 
to encapsulate the solder bump connections and provide 
additional mechanical bene?ts. The pads 16 are coupled via 
circuitry to pads 18 on the package substrate. Solder bumps 
30 are formed on the pads 18. The solder bumps 30 are the 
inputs and outputs to the circuitry associated With the 
package substrate 14. In another arrangement (not 
illustrated), the inputs and outputs to the circuitry associated 
With the package substrate 14 are implemented as pins rather 
than solder bumps. 

In connection With an example embodiment of the present 
invention, secondary ions that are sputtered off the substrate 
by a focused ion beam (FIB) can be mass analyZed to 
determine their chemical composition and concentration. 
The concentration of substrate substance varies according to 
the region of the chip from Which the ions are being ejected. 
This variation in substance concentration can be detected 
and be used for determining the progression of the substrate 
removal process, including determining the endpoint of the 
process. Once the desired level, or endpoint, has been 
reached a secondary ion mass spectrometry (SIMS) based 
mechanism automatically signals the FIB to stop milling. 
SIMS characteriZes dopant concentrations in tWo dimen 

sions: at the surface of a particular region and also as a 
function of depth. The SIMS technique uses an ion beam 
(usually oxygen or cesium) to sputter aWay layers of the 
doped region. The sputtered dopant region produces ions 
that can then be mass analyZed. The sputtered ions are 
collected by a mass spectrometer for mass to charge sepa 
ration and detection. The number of ions collected can also 
be digitally counted to produce quantitative data on the 
sample composition. SIMS primarily analyZes the material 
removed by sputtering from a sample surface. By monitor 
ing the secondary ion signals With time, a depth pro?le can 
be produced. Sputter rates of 2—5 A/sec., at data acquisition 
times of 10 seconds, produce typical depth increments in the 
20—50 A range. Usually the incident beam is rastered over 
a small area of the surface to create a hole or aperture With 
a nearly ?at bottom. Mass analysis is only performed on the 
ionic fraction of sputtered material from the center of the 
hole. 

According to another example embodiment of the present 
invention, FIG. 2A shoWs a semiconductor device 210 
undergoing post-manufacturing analysis. The semiconduc 
tor device 210 may, for example, be a ?ip chip device such 
as shoWn in FIG. 1, or another type of integrated circuit 
device. Device 210 is placed, With backside 40 facing up, on 
a platform 220 Within an ion excitation chamber. A focused 
ion beam (FIB) generating device 230 is positioned over 
device 220 and used to direct an ion beam 232 at the 
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semiconductor device 210. Ion beam 232 starts to mill 
(anisotropically etch) an aperture or hole 242 in bulk layer 
20 as secondary ions 234 are sputtered off of the substrate. 
Secondary ions 234 are channeled by a mass spectrometer 
236 to a secondary ion detector 238. The data collected from 
detector 238 is process by a computer arrangement 240 that 
is coupled to both detector 238 and to FIB 230 via a 
controller that is capable of terminating the ion beam 232 at 
a designated time or depth. Once the desired depth in the 
silicon substrate is achieved, computer arrangement 240 
sends a control signal to FIB 230 via the controller to either 
reduce the rate of substrate removal (as you are nearing the 
endpoint the energy level of the ion beam is varied) or 
terminate the etching altogether (endpoint reached, shut 
doWn the ion beam). 

In this eXample embodiment, Gallium (Ga+) ions are used 
to bombard bulk layer 20 and eventually mill aperture 242 
into bulk layer 20. Gallium is used since its Weight in atomic 
mass units is high, thereby serving as a good bombardment 
agent. Other elements can be used as bombardment agents 
depending on the energy level used and the substrate mate 
rial to be detected by the ion detector and computer arrange 
ment. The energy level of the ion beam is kept to about 1—50 
keV in order to cause collisions With the atoms at the surface 
leading to their ejection. The siZe of the aperture of the FIB 
230 or the ion beam current density, could also be changed 
to adjust the energy of the ion beam, Which in turn changes 
the milling rate (i.e., substrate removal rate) of FIB 230 on 
bulk layer 20. 

FIG. 2B illustrates an enlarged portion of device 210 
having the backside of the die at the bottom (backside 40) 
and circuit side 50 on top. In this eXample embodiment, bulk 
layer 20 is formed of three p-type layers (P+++, P++and P+) 
With transistors 52 and 54 disposed at the top, With each 
having p- and n- Wells, respectively, and oppositely doped 
source and drain regions. ArroWs 232 indicate the Gallium 
ions that are being emitted from FIB 230 through backside 
40 of device 210. The present invention utiliZes the dopant 
diffusion pro?le or concentration gradient for silicon thick 
ness as a depth monitor. Each of the interfaces shoWn can 
serve as an endpoint or a depth indicator: P+++/P++ inter 
face; P++/P+ interface; and P+/P— Well interface or is P+/N— 
Well interface. Conductive lines during microsurgery can 
also serve as an endpoint. 

Referring to FIG. 3, in order to determine the remaining 
silicon thickness of the device an ion count or concentration 

versus silicon (Si) thickness calibration curve or look 
up table can be developed. Each process technology Would 
have their respective set of curves. The FIB/SIM system, 
using the look-up table derived from a curve shoWn in FIG. 
3, could be programmed to stop the process at a certain time. 
Note that as milling (etching) progresses further into the 
substrate, [N] (ion count) detected increases (as shoWn by 
the curve). Milling could be stopped at a certain point (ion 
concentration level) on the [N]/Si thickness curve or When 
a certain element is detected, such as Phosphorus or Boron. 
The system also has the capability of detecting carrier 
concentration gradient or range of 1015 to 1020 carriers/cm3. 

Referring to FIGS. 2B and 3, particularly the epitaXial 
interfaces of device 210, as bulk silicon is removed from 
backside 40, different dopant concentrations are detected as 
milling progresses through the various interfaces. Computer 
arrangement 240 can be programmed to stop milling 
(etching), or reduce the milling rate, at any point desired as 
each interface is detected (e.g. P+++/P++). As milling 
progresses the actual detected concentration data is fed back, 
in the form of ion intensity (Which correlates to 
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6 
concentration), to computer 240 for comparison With a 
reference curve to determine the current status of the milling 
process. The concentration of the detected element could be 
loW at the highest value of silicon thickness (FIG.3, Begin 
ning Point) since substrate removal is started on the backside 
of the device and thickness drops as it nears the selected 
substrate material or desired concentration level. The origi 
nal circuit designs can serve as the reference pro?les that 
computer 240 can use When comparing actual detection 
data, received from a milling operation, to the reference 
pro?le. 

FIG. 4 is a How chart for a method of removing substrate 
from a semiconductor device, according to another eXample 
embodiment of the present invention. The chip is placed in 
a chamber and an ion beam is directed at the chip at block 
410. A portion of substrate is removed (block 420) from a 
semiconductor chip and an aperture formed as the ion beam 
bombards the substrate surface and begins to eject (sputter) 
ions. The substrate removal can be accomplished using a 
device such as a focused ion beam (FIB) or other ion 
bombardment device that can be detected and identi?ed by 
the SIMS technique. At block 430, ions sputtered off of the 
substrate (thereby forming the aperture) are detected and 
used to determine the type of substrate material that is 
currently being etched (sputtered off) by the ion beam. 
Comparing this information to the reference pro?le can then 
give an indication of the depth achieved so far by the etch 
process of the aperture Within the substrate. 

At block 440, it is determined if an endpoint has been 
reached. An endpoint may, for instance, be associated With 
a particular depth of substrate removal. If no endpoint has 
been reached, the chip continues to be etched by the ion 
beam (ion bombardment) and the method continues at block 
420. If an endpoint has been reached at block 440, it is 
determined if the endpoint is ?nal. A ?nal endpoint is 
associated With the end of the substrate removal process as 
the ion beam has started to eject ions associated With a 
particular element (eg P or B). Anon-?nal endpoint may be 
associated With nearing the ?nal endpoint (as ion intensity is 
increasing, indicating increased concentrations of the 
selected substrate material); this is a point in the substrate 
removal process at Which time it may be desirable to sloW 
the substrate removal rate so as not to exceed the ?nal 
endpoint and thereby damage the chip. If the endpoint is not 
?nal at block 450, the substrate removal rate is reduced at 
block 470 and the method continues at block 410. If the 
endpoint at block 450 is ?nal, the substrate removal is 
stopped at block 460. 
The rate at Which substrate is removed can be determined 

as a function of the semiconductor device’s dopant diffusion 
pro?le (or concentration gradient) and the removal/detection 
process, and can be controlled to proceed at a speed that Will 
remain non-destructive to other active elements in the 
device. For eXample, the determination of Whether an end 
point has been reached in block 440, or Whether it is ?nal at 
block 450, could be performed by computer arrangement 
240, shoWn in FIG. 2A. Once the depth of substrate removal 
is determined the substrate removal rate can be controlled or 
the process terminated if the endpoint is reached. 
SIMS is particularly useful in that it is one of the feW 

semiconductor characteriZation techniques that are capable 
of detecting all the elements and it can identify the elements 
present in very loW concentration levels. It is one of the feW 
surface analysis techniques that can measure doping level 
concentrations in electronic materials, therein being particu 
larly useful in detecting the different doping levels as 
interfaces in the substrate are crossed. SIMS is an eXcellent 
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tool for generating concentration 5pro?les of dopants in 
silicon at levels doWn to the 1><101 cm3 range. 

While the present invention has been described With 
reference to several particular example embodiments, those 
skilled in the art Will recogniZe that many changes may be 
made thereto Without departing from the spirit and scope of 
the present invention, Which is set forth in the folloWing 
claims. 
What is claimed is: 
1. Amethod for removing substrate from a semiconductor 

chip for post-manufacturing analysis, Wherein the chip has 
a back side opposite circuitry near a circuit side, the method 
comprising removing a portion of substrate in the back side 
of the semiconductor chip as a function of detected concen 
tration levels of a selected substrate material that is sputtered 
off of a region of the substrate. 

2. The method for removing substrate from a semicon 
ductor chip according to claim 1, Wherein removing a 
portion of substrate in the back side of the semiconductor 
chip as a function of the concentration level of a selected 
substrate material sputtering off of a region of the substrate 
comprises: 

removing a portion of substrate in the backside of the 
semiconductor chip so as to form an aperture therein; 

detecting removal of a selected substrate material from 
the back side of the chip as the aperture is being 
formed; and 

controlling the substrate removal as a function of detected 
concentration levels of the selected substrate material. 

3. The method of claim 2, Wherein removing a portion of 
the substrate includes directing an ion beam at a portion of 
the substrate that generates ions that are sputtered off of the 
substrate. 

4. The method of claim 2, Wherein detecting removal of 
a substrate material includes detecting ions, via an ion 
detector, sputtering off of the backside of the chip. 

5. The method of claim 3, Wherein the ion beam is 
comprised of gallium ions. 

6. The method of claim 2, Wherein controlling substrate 
removal is responsive to detecting at least one of a prede 
termined element material and a dopant concentration level. 

7. The method of claim 2, Wherein controlling the sub 
strate removal as a function of detected concentration levels 
of the selected substrate material comprises: 

detecting an actual concentration level of the selected 
substrate material sputtered from the backside of the 
substrate; and 

comparing the actual concentration level to a reference 
concentration level in order to determine the amount of 
substrate that has been removed. 

8. The method of claim 2, further including providing a 
computer arrangement programmed to use the detected 
concentration levels of the selected substrate material to 
control the rate of substrate removal. 

9. The method according to claim 2, Wherein controlling 
the substrate removal as a function of detected concentration 
levels of the selected substrate material comprises stopping 
substrate removal upon detection of a selected substrate 
material sputtered from the backside of the substrate. 

10. The method according to claim 2, Wherein controlling 
the substrate removal as a function of detected concentration 
levels of the selected substrate material comprises reducing 
the rate of substrate removal upon detection of a selected 
substrate material sputtered from the backside of the sub 
strate. 

11. A method for removing substrate from a semiconduc 
tor chip having a back side opposite circuitry near a circuit 
side, the method comprising the steps of: 
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8 
(A) directing an ion beam at a portion of the substrate that 

generates ions that are sputtered off of the substrate, 
thereby removing substrate from the back side of the 
semiconductor chip to form an aperture; 

(B) detecting removal of a selected substrate material 
from the back side of the chip as the aperture is being 
formed; 

(C) repeating steps A and B until the detected substrate 
thickness reaches an endpoint; 

(D) adjusting the substrate removal rate in response to 
reaching the endpoint; 

(E) repeating steps A through D until a ?nal endpoint is 
detected; and 

(F) terminating the removal process in response to detect 
ing the ?nal endpoint. 

12. The method according to claim 11, Wherein directing 
an ion beam and removing substrate material has a time 
duration that is a function of the ion beam energy. 

13. The method according to claim 11, Wherein adjusting 
substrate removal rate is a function of detected concentration 
levels of the selected substrate material and comprises: 

detecting an actual concentration level of the selected 
substrate material sputtered from the backside of the 
substrate; and 

comparing the actual concentration level to a reference 
concentration level in order to determine the amount of 
substrate that has been removed. 

14. A system for removing substrate from a semiconduc 
tor chip having a back side opposite circuitry near a circuit 
side, the system comprising: 
means for removing substrate from the backside of the 

semiconductor chip to form an aperture; 
means for detecting removal of a selected substrate mate 

rial from the back side of the chip as the aperture is 
being formed; and 

means for controlling the means for removing substrate as 
a function of detected concentration levels of the 
selected substrate material. 

15. The system of claim 14, Wherein means for removing 
substrate includes an ion beam generating device, that is 
directed at a portion of the substrate, that generates ions that 
are sputtered off of the substrate, and includes a controller 
coupled to the ion beam generating device. 

16. The system of claim 15, Wherein means for controlling 
the means for removing substrate from the backside of the 
chip includes a computer arrangement that is coupled to the 
controller and is adapted to provide a control signal to the 
controller for controlling the rate of substrate removal. 

17. The system of claim 15, Wherein the ion beam 
generating device has a substrate removal time duration that 
is a function of the ion beam energy. 

18. The system of claim 14, Wherein means for controlling 
substrate removal further includes means for detecting an 
actual concentration level of the selected substrate material 
sputtered from the backside of the substrate; and means for 
comparing the actual concentration level to a reference 
concentration level in order to determine the amount of 
substrate that has been removed. 

19. An apparatus for removing substrate from a semicon 
ductor chip having a back side opposite circuitry near a 
circuit side, the system comprising: 

removal means that removes a portion of substrate in the 
backside of the semiconductor chip so as to form an 

aperture therein; 
detection means that detects removal of a selected sub 

strate material from the back side of the chip as the 
aperture is being formed; and 

controller means that controls the substrate removal as a 
function of detected concentration levels of the selected 
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substrate material, controller means coupled to detec 
tion means and to removal means. 

20. The apparatus according to claim 19, Wherein con 
troller means further includes a controller coupled to 
removal means and a computer arrangement coupled to 
detection means and the controller, the computer arrange 
ment adapted to provide a control signal to the controller for 
controlling the substrate removal. 

21. A method for removing substrate from a semiconduc 
tor chip having a back side opposite circuitry near a circuit 
side, the method comprising: 

10 
removing substrate from the backside of the semiconduc 

tor chip to form an aperture; 

detecting removal of a selected substrate material from 
the backside of the chip as the aperture is being formed; 
and 

controlling the removal of substrate as a function of 
detected concentration levels of the selected substrate 
material. 
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